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MORPHOLOGICAL, ANATOMICAL
AND PHYSIOLOGICAL CHARACTERISTICS OF
LATHYRUS LATIFOLIUS L. (FABACEAE)
ABSTRACT: The Lathyrus species are wild relatives of cultivated peas. Results of
morphological, anatomical and physiological analyses of Lathyrus latifolius L. are presented
in this paper.
Certain measured parameters and observed morphological characteristics are not in
agreement with available literature data, whereas no reference to the winged stem width,
length of inflorescence pedicle, calyx length and leaflet index can be found. Two forms,
f. rotundifolium Rchb. a n df .latifolius Beck. have been determined. Leaflets are am-
phystomatic, with anisocytic stomata present in almost equal number on both epidermises,
dorsoventral, with one-layered palisade and many-layered spongy tissue. Stem in transverse
section is rotund to oval with two long, lateral wing-like expansions and cortical bundles.
Mineral element analysis shows that the highest N, P and K concentrations were obtained
with the flower while Ca and Na with the leaf. Leaf pigment content was higher than stem
content while net photosynthesis rate was twice as high as respiration rate.
KEY WORDS: Lathyrus latifolius, morphology, anatomy, mineral element concentra-
tions
INTRODUCTION
Wild relatives of cultivated plants are a significant natural resource and
an inexhaustible gene pool of important and insufficiently surveyed plant spe-
cies. Also, they are useful genetic material in breeding, when transferring desi-
rable traits into cultivated plants, developing cultivars with desirable characters
( Aarssen e t al., 1986; Škoriã e t al., 1988; Laziã a n d Joviãe-
viã, 1988; Paviãeviã, 1990; Kojiã a n d Mratiniã, 1997; B e -
renji e tal., 1997; Nikoliã e tal., 1997; Takahashi e tal., 1999) or
cultivating wild species (Laziã e t al., 1995; Lavadinoviã a n d Isa-
jev, 1997). Therefore, knowledge of morpho-anatomical, physiological and
81biochemical characteristics of autochthonous relatives of cultivated plants and
their relationships is important and required. Lathyrus species are the closest
autochthonous relatives of cultivated peas. In Flora Europaea the genus is re-
presented by 54 species (Ball, 1968) while in Flora of Serbia 26 species
occurring in different habitats are reported (Kojiã, 1972).
The purpose of the present study was to survey the morphological, anato-
mical, and physiological characteristics of the species Lathyrus latifolius L. in
order to get a better insight into the biological characteristics of the Lathyrus
species in general.
L. latifolius is a perennial plant with branched rhizome (Kojiã, 1972),
glabrous or hairy shoot, stem with lateral wing-like expansions, and leaves
composed of one leaflet pair with a tendril. Leaflets are linear to ovate or el-
liptic-rotund with lanceolate to ovate, semihastate stipules. Inflorescences are
racemose, with (5) 8—15 flowers that are much longer than leaves. The calyx
is campanulate, unequally dentate. The corolla is dark red, rarely whitish. The
pod is elongate linear, glabrous, dark brown, with reticulate veins and 8—14
seeds. The seed is semiglobose or oval. The species grows on meadows and
forest clearings (Kojiã, 1972). L. latifolius belongs to east sub-Mediterra-
nean floral element. A number of infraspecies forms have been reported
(Gams, 1964; Soó, 1966; Kojiã, 1972; Kozuharov, 1976).
MATERIAL AND METHODS
Meadow plant material from the surveyed site (Vrdnik, the Fruška Gora
Mountain) was collected at flowering, at the beginning of June. Twenty dried
and mounted plants were used for morphological investigations. Plant height,
width of winged stem, wing width, length and width of leaflets and stipules,
length of inflorescence axis, flower, and calyx, and pod length and width were
measured, and the number of leaflet pairs, number of flowers per inflorescen-
ce, and number of seeds per pod were counted.
Ten plants were selected for anatomical survey. Characteristics of leaflet
epidermal tissue were analyzed on epidermal prints made after Wolf (1954).
Light microscopy was employed to determine the size and number of stomata
per mm2 on both adaxial and abaxial epidermis. Leaflet anatomy was analyzed
in transverse sections of midleaflet portion by using freezing microtome. Mic-
roscopic measurements were performed of the median vein and leaflet 1/4
width, height and width of main vein and its vascular bundle, vessels diame-
ter, thickness of leaflet, mesophyll, palisade and spongy tissues and cuticle, si-
ze of palisade and spongy tissue cells, adaxial and abaxial epidermis cells, as
well as of the number of layers of spongy tissue. Stem anatomy analysis was
done using transverse sections of internodes at mid-stem portion. Stem diame-
ter, cuticle thickness, size of sclerenchyma groups, vascular bundles at rib zo-
ne, epidermal cells, parenchyma cells and vessels were measured and the num-
ber of vascular bundles counted.
The physiological survey included the analysis of mineral elements con-
centration in leaf, stem, flower and pod. Nitrogen (N) concentration was deter-
82mined using a standard micro-Kjeldahl method (Sariã e tal., 1990) phospho-
rus (P) was determined spectrophotometrically, by the ammonium-vanada-
te-molybdate method (Gericke a n d Kurmies, 1952). Total potassium
(K), calcium (Ca), and sodium (Na) were determined from stock solution by
the flame photometry method. Concentration of photosynthetic pigments (S a -
r i ã et al., 1990) was determined after Wettstein (1957). Net photosyn-
thesis rate and respiration rate were determined polarographically, using a
Clark electrode (Walker, 1987).
RESULTS AND DISCUSSION
Morphological characteristics
Plant height, stem wing width, leaflet width and flower length values on
the examined plants were lower than data published elsewhere (Table 1),
whereas leaflet and stipules length, number of leaflet pairs and the number of
flowers per inflorescence were in accordance with the available literature. No
data could be found for the width of winged stem, length of inflorescence pe-
dicle, calyx length and leaflet index. Therefore, our results are a contribution
to the knowledge of morphological characteristics of the surveyed species.
Two forms were determined, f. rotundifolium Rchb., including indivi-
duals with almost rotund leaflets emarginate at the apex, and f. latifolius
Beck., with elliptic to lanceolate leaflets up to 20 mm wide and stem wings
approximately 5 mm wide.
Tab. 1 — Morphological characteristics (cm)
Obtained
value
Mean
value
Hayek
(1927)
Komarov
(1948)
Gams
(1964)
Ball
(1968)
Kojiã
(1972)
Koÿu-
harov
(1972)
Plant height 33—114 79 — 100—200 50—200 60—300 60—300 30—100
Stem width
(with wings) 0.4—0.9 0.7 ——————
Wing width 0.15—0.4 0.26 0.25—0.6 — 0.25—0.6 — 0.25—0.6 0.5
Number of
leaflet pairs 11111111
Leaflet length 3.5—8.1 6.6 4—9 5.5—8
(9.5)
4—9
(10)
(3)
4—15
(3)
4—15
(3)
4—6
(7)
Leaflet width 1.3—3.8 2.5 — 1.2—3
(5) 1.5—5 0.3—5 0.3—5
(0.2)
0.6—3
(3.5)
Leaflet index
value — 2.64 ——————
Stipule length 2.1—5.8 3.99 — 2—4 — (2)
3—6
(2)
3—6 2—4
Stipule width 0.4—1.9 0.9 — 0.8—1.2 — 0.2—1.1 0.2—1.1 (0.7)
1—1.5
83Number of
flowers/in-
florescence
8—13 11 8—14 3—8
(10) — 5—15 (5)
8—15 —
Inflorescence
axis length 5.1—31 15.7 ——————
Flower length 0.7—1.8 1.2 — 2—2.5 1.5—3 (1.5)
2—3
(1.5)
2—3 —
Calyx length 0.3—1 0.7 ——————
Pod length — — 6.2—7.5 5—6 7—8
(11) 5—11 5—11
(4)
5—8
(10)
Pod width — — 0.9—1 0.9—1 0.6—0.9
(1.2) 0.6—1 0.6—1
(0.4)
0.5—0.7
(0.8)
Number of
seeds/pod ———— 8—14 10—15 8—14 10—15
Anatomical characteristics
Leaflet epidermal tissue is formed of rather large cells irregular in shape,
with moderately wavy anticlinal walls (Figure 1). Wall waviness of abaxial
epidermis is inconspicuous. Stomata are anisocytic (Metcalfe a n d Chalk,
1957) on both epidermises, situated at the epidermal level. Stomata number
and size are almost identical on the adaxial and abaxial epidermis (Table 2).
Tab. 2 — Number and size of leaflet stomata
Number of stomata/mm2 Stomata size — ade (  m) Stomata size — abe (  m)
Ade Abe Length Width Length Width
Mean value 70 78 26.2 13.7 27.8 14.8
min-max 48—92 59—102 21.4—31.5 8.8—17.6 25.2—32.8 10.1—18.9
Ade — adaxial epidermis; Abe — abaxial epidermis
Leaflets are dorsiventral (Figure 2). The median vein in transverse section
is convex abaxially. A collateral vascular bundle is in it. Well developed scle-
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Fig. 1 — Print of leaflet adaxial epidermisrenchyma tissue along the phloem portion of vascular bundle. Sclerenchyma
fibers incumbent on phloem and xylem. Their lumen grows narrow and walls
grow thick towards periphery. Leaflet epidermis formed of a layer of tabulate
cells covered with a cuticle somewhat thicker adaxially (Table 3). Palisade tis-
sue structured of a layer of a rather large elongated regular cilyndrical cells.
Spongy tissue of 5—7 layers of irregular cells with large intercellulars. Incum-
bent layer abaxially formed of larger cells. The spongy tissue is twice as thick
as the palisade tissue. Leaflet mesophyll with small collateral vascular bundles,
enveloped into sheath parenchyma cells.
Tab. 3 — Leaflet anatomical characteristics (µ m)
Thickness
leaflet mesophyll palisade tissue spongy tissue
X 257 198 64 137
min-max 219—306 158—235 51—76 101—173
Adaxial epidermis cells Abaxial epidermis cells Palisade tissue cells
height width cuticle
thickness height width cuticle
thickness height width
X 20.6 29.2 3.0 19.4 31.9 2.4 61.7 17.5
min-max 15.1—25.2 20.2—39.1 2.5—3.8 15.1—23.9 22.7—42.8 1.9—2.5 49.1—75.6 12.2—23.9
Spongy tissue Main vein Main vein vascular
bundle Vessels
height width height width height width height width
X 32.7 29.0 597 499 205 155 29.9 26.4
min-max 25.2—39.1 20.2—41.6 439—765 377—663 173—240 102—204 21.4—40.3 15.2—36.5
Stem is elliptical in transverse section with two wing-like expansions lon-
ger than stem diameter (Figure 3). Two opposite main ribs distinct, while in-
termediary far less distinct. Epidermis structured of a layer of almost spherical
cells covered with a thick cuticle (Table 4). Primary cortex rather thin, compo-
sed of a few cell layers. Small, thin-walled cells filled with chloroplasts below
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Fig. 2 — Leaflet cross sections: (a) main vein, (b) ¼ leaflet widthepidermis while deeper layers of primary cortex formed of larger cells. Sube-
pidermally, developed collenchyma occurs only in larger ribs. Lacunae parallel
to stem surface are found at cortex periphery.
The central cylinder is composed of parenchyma cells, which grow larger
towards stem center. The largest central cells rupture to form a cavity. Collate-
ral vascular bundles are arranged in a ring at the periphery of the central cyl-
inder. They are of different size, those opposite to the ribs being larger. The
number of bundles is around 20. In addition to these, there are two bundles lo-
cated opposite to the wing-like expansions (cortical bundles). There are 6—12
bundles in each wing-like expansion. Above phloem, groups of sclerenchyma
fibers more developed above larger bundles occur. Among xylem portions of
vascular bundle cells of medullary rays with thicker and to some extent ligni-
fied walls are present. Together with xylem they form a continuous ring. Ves-
sels are of a considerable width.
Tab. 4 — Stem anatomical characteristics (µ m)
Stem diameter Length
of stem
wings
Number of
vascular
bundles
Number of
vascular
bundles in
wings
Sclerenchyma
tissue
larger smaller height width
X 4163 3474 5483 20 9 135 476
min-max 3471—5850 2912—4602 4914—6526 15—30 6—12 102—153 408—581
Phloem Xylem Vessels Cylinder
parenchyma cells
height width height width height width height width
X 226 398 329 352 56.6 44.8 67.9 56.4
min-max 189—296 357—376 255—459 306—393 41.6—84.4 32.8—69.3 37.8—126 26.5—103.3
Epidermis
height width cuticle thickness
X 22.8 28.6 6.1
min-max 18.9—31.5 21.4—36.5 5.0—6.3
86
Fig. 3 — Stem cross section: a) schematic drawing, b) detailPhysiological characteristics
Of the surveyed elements, N, K, Ca, and Mg belong to essential, while
Na to a group of useful elements. Their concentrations in plant tissue depend
on plant age, cultivation conditions, plant organ, pest control, etc. The concen-
trations of these elements differ among organs.
In the surveyed species, the highest N was obtained in the flower, then in
the pod and leaf, and the lowest in the stem. K concentration in plant organs
showed the same variations as the N concentration. The highest P was recor-
ded in the flower, then in the pod and stem, and the lowest in the leaf. The
highest Ca was recorded in the leaf, the lowest in the stem. The highest Na
was found in the leaf, the lowest in the flower.
Tab. 5 — Concentration of mineral elements in plant organs (mg%)
N P K Ca Na
Leaf 3773 115 733 1336 77
Stem 2502 118 650 960 63
Flower 5942 363 1558 1116 28
Pod 4222 303 1225 1011 38
Tab. 6 — Concentration of photosynthetic pigments (mg/g dry weight) and rates of net photo-
synthesis and dark respiration (µ mol O2/gh)
Chlorophyll
a
Chlorophyll
b
Chlorophyll
a+b Carotenoids
Rate of
net photo-
synthesis
Rate of dark
respiration
Leaf 3.79 1.12 4.91 1.31 426.6 160.6
Stem 0.79 0.23 1.03 0.26
Chlorophyll and carotenoid concentrations were higher in the leaf than in
the stem. Chlorophyll a was ranking first, then carotenoid, and chlorophyll b.
According to Petr e ta l .(1971), the rates of net photosynthesis of pea leaves
and stipules are almost identical. In our survey, the rate of net photosynthesis
was 426.6 µ mol O2/gh, while the respiration rate amounted to 160.6 µ mol
O2/gh.
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Rezime
Ispitivawe karakteristika divqih srodnika gajenih biqaka dobija sve
više na vaÿnosti zbog moguãnosti unošewa wihovih kvalitetnih i poÿeqnih
osobina, procesom oplemewivawa, u gajene genotipove. Vrste roda Lathyrus su
divqi srodnici gajenog graška. U radu su prikazani rezultati morfoloških,
anatomskih i fizioloških analiza vrste Lathyrus latifolius L.
Ustanovqeno je da se neke od merenih vrednosti morfoloških karaktera
razlikuju u odnosu na podatke iz literature, a podaci za širinu stabla sa kri-
lima, duÿinu drške cvasti, duÿinu åašice i indeks listiãa nisu naðeni u
korišãenoj literaturi. Determinisane su dve forme — f—rotundifolium RCHB.
i f. latifolius BECK. Listiãi su amfistomatiåni, sa stomama anizocitnog tipa,
koje su prisutne u skoro podjednakom broju na oba epidermisa. Listiã je dorzi-
ventralne graðe, sa jednoslojnim palisadnim i višeslojnim sunðerastim tki-
vom. Stablo je na popreånom preseku okruglo do ovalno, sa dva duga boåna kri-
lasta izraštaja i prisutnim kortikalnim snopiãima. Analizom sastava mine-
ralnih elemenata ustanovqeno je da su koncentracije N, P i K najviše u cvetu,
a Ca i Na u listu. Sadrÿaj pigmenata je veãi u listu nego u stablu. Intenzitet
fotosinteze je dva puta veãi od intenziteta disawa.
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